The chi-square test was used to determine diagnostic incidence. A value of p<0.05 was considered statistically significant.
trial septal defect (ASD) is one of the most common congenital heart diseases among older children and most childhood cases are diagnosed because of heart murmur or cardiomegaly detected on chest X-ray. However, even in the current era, ASD may not be diagnosed until adulthood when there are complications of congestive heart failure or atrial arrhythmia. In Japan, nationwide heart disease screening for school children has been carried out since 1973 and children in their first year of elementary school (7 years old) or junior high school (13 years old) are required by law to be screened. The most common and significant organic heart disease diagnosed in this program is ASD.
Using data from this mass-screening program, we set out to clarify the incidence and clinical features of the patients newly diagnosed by the screening program as having ASD.
Methods
From 1989 to 1998, almost all school children in the southern area of Fukuoka prefecture and the northern and eastern areas of Saga prefecture were screened (Fig 1) when they entered either elementary school (age 6-7 years, n=86,142) or junior high school (age 12-13 years, n= 80,632). The program applied only to the Kurume area.
In the preliminary screening, students were given a questionnaire to be completed at home by their parents, and they underwent electrocardiography (ECG) with 4 simplified leads (I, aVF, V1, V6), and phonocardiography (PCG) at the second left intercostal space and apex. The questionnaire sought details of the student's past history of heart diseases, including Kawasaki disease, cardiac symptoms, and family history ( Table 1) . The ECGs were analyzed by computer and reviewed by pediatric cardiologists. To standardize the judgment of the ECG, there was a guideline for secondary screening. 1 The PCGs were also reviewed by pediatric cardiologists. Nearly 10% of students had at least one suspicious finding of heart disease that required secondary screening, which comprised physical examination, 12-lead ECG, chest X-ray and color-flow Doppler echocardiography (if needed), all performed by pediatric cardiologists. The children who were suspected to have heart disease or who needed other precise examinations were recommended for tertiary examination. We followed these patients until December 2001 or the time of closure of ASD (mean follow-up period, 4.8 years). The purpose of this study was to investigate the incidence and clinical features of atrial septal defect (ASD) in school children in Japan who were diagnosed by heart disease screening. From 1989 to 1998, a questionnaire, electrocardiography (ECG) and phonocardiogram were obtained from school children when they entered their first year of elementary school (n=86,142) or junior high school (n=80,632). In this program, 33 asymptomatic ASD patients were newly diagnosed (0.020%). The ECG findings showed incomplete right bundle-branch block (79%), right axis deviation (55%), and right ventricular hypertrophy (9%). An ejection systolic murmur was audible in 30 patients (94%) and mid-diastolic murmur in 10 patients (30%). Thirty patients (90%) showed fixed split of second heart sound. Using echocardiography or catheter observation, 31 patients (94%) were judged to require closure of the ASD. Although the medical care is widely available in Japan, undetected ASD patients were not rare and importantly, most of them required closure of the defect even if they were asymptomatic. 
Incidence and Clinical Features of Asymptomatic

Results
A summary of the results is shown in Table 2 .
Patient Profiles
The compliance rate of screened children was 98.7% (166,774/168,971) and in this study period, 33 patients with ASD (20 males, 13 females, 0.020% of screened children) were newly diagnosed. The incidence of those entering elementary school (0.023%) was significantly higher than those entering junior high school (0.016%, p<0.05). Among these patients, one case of ASD was complicated by partial anomalous pulmonary venous connection, another with left-sided superior vena cava, and one with Wolff-Parkinson-White syndrome. All patients had ostium secundum ASD and all were completely asymptomatic without a family history of congenital heart disease.
ECG findings
At the time of diagnosis, incomplete right bundle-branch block (IRBBB) was observed in 26 patients (79%), right axis deviation in 18 patients (55%), right ventricular hypertrophy in 3 patients (9%), and right atrial enlargement in 2 patients (6%). All patients showed normal sinus rhythm and 4 (12%) had no significant ECG abnormalities. There were no significant differences in the ECG findings of the elementary school children and those of the junior high school children.
Auscultation Findings
An ejection systolic murmur at the second left intercostal space was audible in 30 patients (91%), and a mid-diastolic murmur at the lower left sternal border was audible in 10 (30%) at the second screening. Of those 30 patients, 25 (83.3%) had already had the murmur detected in the first screening, and 6 patients (18%) had noted the presence of a heart murmur before the screening. In 4 of them, the murmur had been diagnosed as innocent by their family doctor and 2 of them had refused further precise examinations. The 30 patients (91%) had a typical wide and fixed split of the second heart sound, and in the second screening, the intensity of the heart murmur as classified by Levine ranged from I through III. A significant heart murmur could not found in 3 patients (6%) and in 2 of them, the ASD was greater than 10 mm. Case 11 had IRBBB and right axis deviation detected in the first screening and her ratio of pulmonary to systemic blood flow (Qp/Qs) was 1.7. Case 17 had IRBBB and fixed split detected in the first screening and 1 year after screening, an ejection systolic murmur was audible with an intensity of II/VI; his Qp/Qs was 2.5.
Echocardiographic Findings
The size of the ASD was measured by transthoracic echocardiography from the subxyphoid long-and shortaxis views. The diameter of the defects ranged from 3 to 30 mm, with a mean of 11.8±5.9 mm.
Treatment
On the basis of echocardiography or catheter observation, a large left-to-right shunt (Qp/Qs >1.5) or enlargement of the right atrium and ventricle was taken as an indication that the ASD should be closed and 31 patients (94%) were judged positive. At screening, 5 cases of ASD had a diameter less than 5 mm and of them the defects had grown in 2 cases. Case 5, a 6-year-old girl at initial screening, had a leftsided superior vena cava and 6 years later, echocardiography showed enlargement of the right atrium and ventricle, and cardiac catheterization showed a Qp/Qs of 1.7. Case 26, which was the same as case 5, had cardiac catheterization 7 years after screening, which revealed a Qp/Qs of 1.96; the diameter of the ASD at operation was 10×15 mm. Surgical or transcatheter closure of the ASD was performed in 18 patients (58%) and all have had a good clinical course since then.
Discussion
In Japan, heart disease screening for school children has been performed nationally since 1973; its goals are outlined in Table 3 . Previous studies have reported that the diagnostic incidence of ASD found by heart disease screening in school children ranges from 0.010 to 0.021%. 2, 3 Spontaneous closure of an isolated ASD has been reported in 17-84% of infants and documented at ages 2-8 years. [4] [5] [6] However, if the defect persists until school age, it will not close. There is no obvious advantage in delaying repair beyond the teenage years and, in fact, such delay may increase the risk of diseases, such as supraventricular tachycardia, and ventricular dysfunction. 7, 8 Almost all patients in this study who were detected by screening were judged to need closure of ASD and from this viewpoint, the discovery of ASD at school age by means of this program is valuable.
What is the best method of finding the patients with ASD? A questionnaire is easy and inexpensive, but its sensitivity of detection in this age group would be low because most cases of ASD are asymptomatic. ECG gives beneficial information for the diagnosis of ASD, especially IRBBB and right axis deviation, but a previous study reported that only 0.26% of patients with IRBBB also had ASD. 9 In the present study, only 48% of patients had both IRBBB and right axis deviation and this is further complicated by the fact that 12% of those with ASD did not have any ECG findings. Therefore, screening using only ECG cannot detect all ASD patients. PCG is useful for diagnosing systolic murmur and fixed split in ASD patients, but 'noise' at the screening site is often problematic, especially when screening younger children. The use of echocardiography for the secondary screening will assist in the diagnosing of heart disease. Steinberger et al reported that clinically significant cardiac disease in childhood that can be detected only by echocardiography is not rare; 10 however, echocardiography requires greater manpower and funding.
During the follow-up period, the diameter of ASD had increased in 2 cases. At initial screening, these cases of ASD were too small and not indicated for closure, but 6-7 years later, they each had a large left-to-right shunt and were indicated for closure. Long-term follow-up is required for these tiny defects.
Conclusions
Although medical care is widely available in Japan, it is not uncommon for patients with ASD to remain undetected until school age. Significantly, most of these patients have to have their defects closed even if they were asymptomatic.
Study Limitations
First, our data relied heavily on the responses to the questionnaire regarding symptoms and younger children may not be able to articulate their symptoms clearly. Therefore, we may have underestimated the presence of symptoms. Second, echocardiography is more widely available for infant screening today, so the incidence of ASD patients newly diagnosed at school age will decrease.
